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(54) TlUe: A METHOD OF DETECTING THE PRESENCE OF AN ANALYTE IN A BIOLOGICAL SAMPLE 



(57) Abstract 

The present invention relates generally to a method of detecting the presence of an analyte in a biological sample. A first method 
for detecting blood in a biological sample involves applying asample to a first region of a test matrix, detecting globin or haemoglobin by 
means of an immunological test in a second region of the lest matrix and detecting haem by means of a chromogen based test in a third 
region of the test mad^ix. This method is capable of differentiating between upper and lower gastrointestinal tract bleeding and is useful for 
the diagnosis of gastrointestinal tract diseases, in particular, lower gastrointestinal tract diseases such as colorectal cancer. A second method 
disclosed involve s applying a sample to a first region of a test matrix, the sample is allowed to flow to a second region where it contacts 
an anti-analyte immunointeractive molecule and a labelled anti-analyte immunointeractive conjugate. Any analyte^anti-analyte complex 
that is formed is immobilised and detected in this second region, any uncomplexed labelled anti-analyte immunointeractive conjugate is 
allowed to flow to a third region where it is detected. 
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A METHOD OF DETECTING THE PRESENCE OF AN ANALYTE IN A BIOLOGICAL SAMPLE 

FIELD OF THE INVENTION 

5 The present invention relates generally to a method of detecting the presence of an analyte in 
a biological sample. More particularly, the present invention provides a method of detectmg 
the presence of blood in a biological sample and still more particularly, the presence of high 
concentrations of blood. The method of the present invention also facilitates the 
differentiation of upper and lower gastrointestinal tract bleeding. The method of the present 

10 invention is useful, inter alia, for the diagnosis of gastrointestinal tract diseases and, in 
particular, lower gastrointestinal tract diseases such as colorectal cancer. 

BACKGROUND OF THE INVENTION 

15 Bleeding into the bowel is currently the best early indicator of bowel cancer (also known as 
colorectal cancer). Testmg for systems of bleeding into the bowel is usually achieved by 
screening stools for the presence of blood. This test is often referred to as faecal occult blood 
testmg (referred to as "FOBT"). 

20 Chemical tests are most widely used for FOBT. These tests typically require stool to be 
applied to paper impregnated with the chemical reagent guaiac. When developer solution is 
added tp the paper, a blue colour develops with a positive result. Guaiac tests have the 
advantage of bemg inexpensive and easy to perform, but are less accurate (not specific for 
human blood) and less sensitive than desirable. Nevertheless, several international studies 

25 have shown that screening patients with these tests can save lives through the early detection 
of pte-cancerous and cancerous lesions. The commonly used guaiac tests detect the haem of 
haemoglobin, and as this is relatively resistant to breakdown in the small intestme, thes^ tests 
may detect bleeding anywhere within the intestinal tract. For colorectal cancer screening this 
is a disadvantage as these tumours are confined to the large intestine. 

30 
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Recently more sensitive and specific immunological tests (e.g. immunochromatographic tests) 
have been developed that have the potential to improve the accuracy of detecting blood in 
screening for colorectal cancer. These tests typically detect the globin protein of 
haemoglobin, a protein that does not survive passage through the upper gastrointestinal tract. 
5 A positive immunological test therefore indicates lower gastrointestinal bleeding. In common 
with all immunologically based tests, however, these tests are subject to a "prozone" or "high 
dose hook" effect, where at high levels of anaiyte, the test may be inhibited to the extent that 
heavy bleeding may be missed. 

10 Accordingly, there is a need to develop improved methods of detecting blood in biological 
san]^)les which methods mimmise the incidence of false negative results obtained due to the 
effects of the prozone phenomenon. In work leading up to the present invention, the mventor 
has developed a method of screening biological samples for the presence of blood utilising a 
two part testing procedure which comprises an immunological screen for the presence of the 

15 globin component of haemoglobin performed and a non-inununological screen for the haon 
component of haemoglobm. Accordingly, even if the immunological detection method 
utilised to screen for globin produces a felse negative result due to the presence of high 
concentrations of globin, the haem test which is not sensitive to the effects of the prozone 
phenomenon will nevertheless produce a positive result. The inventors have also developed 

20 an immunological screening method which overcomes the effects of the prozone phenomenon. 

SUMMARY OF THE INVENTION 

Throughout this specification and the claims which follow, unless the context requires 
25 otherwise, the word "^comprise", and variations such as "comprises" and "c6n^)rising", will 
be understood to iniply ttie inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

Accordingly, the present invention provides a method of detecting the presence of blood in 
30 a biological sample, said method comprising the steps of: 
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(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
5 wherein said sanq)le is placed in contact with an antiglobin immunointeractive 

molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detecting said globin-antiglobin con^)lex; and 

(iii) permitting flowing of said biological sample to a third region of said test matrix 
10 wherein said sample is placed in contact with a chromogen or functional equivalent 

thereof for a time and under conditions sufficient for said chromogen to detect haem. 

Accordingly, the present invention more particularly provides a method of detecting the 
presence of blood in a gastrointestinal sample, said method comprising the steps of : 

15 

(i) applying a gastrointestinal sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

(ii) permitting flowmg of said gastrointestinal sample to a second region of said test matrix 
20 wherein said sample is placed in contact with an antiglobin immunointeractive 

molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said gastrointestinal sample to a third region of said test matrix 
25 wherein said sample is placed in contact with a chromogen or functional equivalent 

thereof for a time and under conditions sufficient for said chromogen to detect haem. 

According to this preferred embodiment, the present invention provides a method of detecting 
the presence of blood in a gastrointestinal sample, said method comprising the steps of: 

30 
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(i) applying a gastrointestinal sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

(ii) permitting flowing of said gastrointestinal sample to a second region of said test matrix 
5 wherein said sample is placed in contact with an antiglobin antibody for a time and 

under conditions sufficient for a globin antiglobin complex to form and detecting said 
globin antiglobin complex; and 

(iii) permitting flowing of said gastrointestinal sample to a third region of said test matrix 
10 wherein said sample is placed in contact with a chromogen or functional equivalent 

thereof for a time and under conditions sufficient for said chromogen to detect haem. 

Accordingly, another aspect of the present invention is directed to a method of detecting lower 
gastrointestinal bleeding, said method comprising the steps of: 

15 

(i) applying a feecal sample to a first region of a test matrix which test matrix comprises 
multiple regions; 

(ii) permitting flowing of said faecal sample to a second region of said test mau-ix wherein 
20 said sample is placed in contact with an antiglobin immunointeractive molecule for a 

time and under conditions sufficient for a globin-antiglobin complex to form and 
detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said faecal sample to a third region of said test matrix wherein 
25 said saniple is placed in contact with a chromogen or functional equivalent thereof for 

a time and under conditions sufficient for said chromogen to detect haem; 

wherein a positive haem result and a positive globin result is indicative of lower 
gastrointestinal tract bleeding. 

30 
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Yet another aspect of the present invention is directed to a method of detecting upper 
gastrointestinal tract bleeding, said method comprising the steps of: 

(i) applying a faecal sample to a first region of a test matrix which test matrix comprises 
S multiple regions; 

(ii) permitting flowing of said faecal sample to a second region of said test matrix wherein 
said sample is placed in contact with an antiglobin immunointeractive molecule for a 
time and under conditions sufficient for a globin-antiglobin complex to form and 

10 detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said faecal san^le to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or functional equivalent thereof for 
a time and under conditions sufficient for said chromogen to detect haem; 

15 

wherein a positive haem result and a negative globm result is mdicative of upper 
gastrointestinal tract bleeding. 

Yet another aspect of the present invention is directed to a method of diagnosing disease 
20 conditions, the symptoms of which include bleeding, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

25 (ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin unmunointeractive 
molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detecting said globin-antiglobin complex; and 
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(iii) permitting flowing of said biological sample to a third region of said test matrix 
wherein said sample is placed in contact with a chromogen or ftmctional equivalent 
thereof for a time and under conditions sufficient for said chromogen to detect haem. 

5 Preferably, the present invention is directed to a method of diagnosing colorectal cancer, said 
method comprising the steps of: 

(i) applying a faecal sample to a first region of a test matrix which test matrix comprises 
multiple regions; 

10 

(ii) permitting flowing of said faecal sample to a second region of said test matrix wherein 
said sample is placed in contact with an antiglobin immunointeractive molecule for a 
time and under conditions sufficient for a globin-antiglobin complex to form and 
detecting said globin-antiglobin complex; and 

15 

(iii) permitting flowing of said faecal sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or functional equivalent thereof for 
a time and under conditions sufficient for said chromogen to detect haem; 

20 wherein a positive haem result and a positive globin result is indicative of colorectal cancer. 

In a further aspect, the present invention provides a method of detecting the presence of an 
analyte in a biological sample, said method comprising the steps of: 

25 (i) applying a biological sample to a first region of a test matrix, which test matrix 
comprising multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte immunointeractive 
30 molecule for a time and under conditions sufficient for an analyte-anti-analyte complex 
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to form, immobilising said complex and detecting said complex by contacting said 
analyte with an anti-analyte immunointeractive conjugate; 

(iii) pennitting flowing of uncomplexed conjugate to a third region of said test matrix 
5 wherein said unconq)lexed conjugate is detected. 

In another further aspect, the present invention provides a method of detecting the presence 
of an analyte in a biological sample, said method comprising the steps of: 

10 (i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

permitting flowing of said biological sample to a second region of said test matrix 
wherein saidsample is placed in contact with an anti-analyte antibody for a time and 
under conditions sufficient for an analyte-anti-analyte complex to form, immobUising 
said complex and detecting said complex by contacting said analyte with an anti- 
analyte antibody conjugate; and 

(iii) permitting flowmg uncomplexed conjugate to a third region of said test matrix wherein 
20 said uncomplexed conjugate is deteaed. 

Accordmgly, the present invention more particularly provides a method of detecting the 
presence of an analyte m a biological sample, said method comprising the steps of: 

25 (i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte immunointeractive 
molecule for a time and under conditions sufficient for an analyte-anti-analyte complex 




(ii) 

30 
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to form, immobilising said complex and detecting said complex by contacting said 
analyte with an anti-analyte immunointeractive conjugate; and 

(iu) permitting flowing uncomplexed conjugate to a third region of said test matrix wherein 
5 said uncomplexed conjugate is detected; 

wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 

10 In accordance with this more particular aspect of the present invention, in performing an 
analysis of the result obtained in step (ii) relative to the detection result in step (iii): 

(a) a strong positive detection result at both steps (ii) and (iii) is indicative of a high 
analyte concentration; 



15 

(b) 



a weaker positive detection result at step (ii) relative to a stronger positive detection 
of step (iii) is indicative of a low analyte concentration; 



(c) a weak positive detection result at both steps (ii) and (iii) is mdicative of very high 
20 analyte concentiration; and 

(d) no detectable result at eitiier steps (ii) or (Ui) is indicative of extremely high analyte 
concentration. 

25 Still more particularly, tiie present invention provides a method of detecting tiie presence of 
an analyte in a biological sample, said mefliod comprisbg the steps of: 

(i) applying a biological sample to a first region of a test matrix, which, test matrix 
comprises multiple regions; 

30 
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(ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte immunointeractive 
molecule for a time and under conditions sufficient for an analyte-anti-analyte complex 
to form, immobilising said complex and detecting said complex by contacting said 

5 analyte with an anti-analyte immunointeractive conjugate; and 

(iii) permitting flowing uncomplexed conjugate to a third region of said test matrix wherein 
said uncomplexed conjugate is placed in contact with said analyte, which analyte is 
immobilised in said third region, for a time and under conditions sufficient for an 

10 analyte-conjugate complex to form and detecting said complex; 

wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 

15 In still another further aspect, the present invention provides a method of detectmg the 
presence of blood in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

20 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an antihaemoglobin antibody for a time 
and under conditions for a haemoglobin-antihaemoglobin complex to form, 
immobilising said con^lex and detecting said complex by contacting said haemoglobm 

25 with an antihaemoglobin conjugate; and 

(iii) permitting flowing of uncomplexed conjugate to a third region of said test matrix 
wherein said uncomplexed conjugate is placed in contact with said haemoglobin, 
which haemoglobin is immobilised in said third region, for a time and under 

30 conditions sufficient for a haemoglobin-conjugate complex to fonri and detecting said 

complex; 
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wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is predicated, in part, on tlie development of a blood screening method 
which screens for both the globin component of haemoglobin and the haera component of 

5 haemoglobin. By combining an immunological test for globin with a non-immunological test 
for haem, the incidence of false negative results occurring due to the prozone phenomenon 
are minimised. The use of a two step testing procedure directed to testing for both the haem 
and the globin components of haemoglobin also permits differentiation of upper 
gastrointestinal tract bleeding from lower gastrointestinal tract bleeding. There has also been 

10 developed an immunological based screening method which overcomes the analytically 
misleading test results which can be obtained when the prozone phenomenon occurs due to 
high analyte concentrations. 

Accordingly, the present invention provides a method of detecting the presence of blood in 
15 a biological sample, said method comprising the stq)s of: 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises first, second and third regions; 

20 (ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin immunointeractive 
molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detecting said globin-antiglobin complex; and 

25 (iii) permitting flowing of said biological sanq)le to a third region of said test matrix 
wherein said sample is placed in contact with a chromogen or functional equivalent 
thereof for a time and under conditions sufficient for said chromogen to detect haem. 

Reference to a "chromogen" should be understood as a reference to any chromogen which 
30 reacts with oxygen to produce a colour change. Chromogens suitable for use in the present 
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invention include, but are not limited to, guaiac, tetramethyl benzidine, ortho tolidine or 
functional equivalents thereof. Preferably, said chromogen is guaiac. 

Accordingly, the present invention more particularly provides a method of detecting the 
5 presence of blood in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises first, second and third regions; 

10 (ii) permitting nowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin inmnunointeractive 
molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detectmg said globin-antiglobin complex; and 

15 (iii) permitting flowing of said biological sample to a third region of said test matrix 
wherein said sample is placed in contact with guaiac or functional equivalent thereof 
for a time and under conditions sufficient for said guaiac to detea haem. 

Reference to "biological sample" should be understood as a reference to any sample of 
20 biological material derived from an animal such, but not limited to, mucus, faeces, urine, 
biopsy specimens and fluid which has been introduced into the body of an animal and 
subsequently removed such as, for example, the saline solution extracted from the lung 
following lung lavage or the solution retrieved from an enema wash. The biological sample 
which is tested according to the method of the present invention may be tested direcfly or may 
25 require some form of treatment prior to testing. For example, a biopsy sample may require 
homogenisatioh prior to testing. Further, to the extent that the biological sample is not in 
liquid form, (for example it may be a solid, sani-solid or a dehydrated liquid sample) it may 
require the addition of a reagent, such as a buffer, to mobilise, the sample. The mobilising 
reagent may be mixed with the biological sample prior to application of the sanq)le to the test 
30 matrix or the reagent may be applied to the sample after the sample has been applied to the 
test matrix. The use of a mobilising reagent is required to facilitate flowing (wicking) of the 
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sample along the test matrix. Preferably, the biological sample is a gastrointestinal sample. 
By "gastrointestinal sample" is meant any sample which is derived from the gastrointestinal 
tract. For example, faeces, mucus (for example the mucus from a rectal mucus swab), enema 
wash solution or a gastrointestinal tract biopsy sanq)le. 

5 

The term "animar as used herein includes a human, prunate, livestock animal (e.g. sheep, 
pig, cow, horse, donkey), laboratory test ammal (e.g. mouse, rat, rabbit, gumea pig), 
companion animal (e.g. dog, cat), captive wild anunal (e.g. fox, kangaroo, deer), aves (e.g. 
chicken, geese, duck, emu, ostrich), reptile or fish. 

10 

Accordingly, the present invention more particularly provides a method of detecting the 
presence of blood in a gastrointestinal sample said method comprising the steps of : 

(i) applying a gastrointestinal sample to a first region of a test matrix which test matrix 
1 5 comprises first, second and third regions; 

(ii) permitting flowing of said gastrointestinal sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin inmiunointeractive 
molecule for a time and under conditions sufficient for a globin-antiglobin complex 

20 to form and detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said gastrointestinal sample to a third region of said test matrix 
wherein said sample is placed in contact with a chromogen or functional equivalent 
thereof for a time and under conditions sufficient for said chromogen to detect haem. 

25 

Preferably said chromogen is guaiac 6t functional equivalent thereof. 

Reference to "test matrix" is a reference to any device which is suitable for sequentially 
testing a biological sample for the presence of the globin component of haemoglobin, utilising 
30 a immunological test, and the haem component of haemoglobin, using a chromogen or 
fiinctional equivalent thereof. In a particularly preferred embodiment, said test matrix is a 
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chromatographic test strip which comprises a first region for receiving a biological sample 
and a second region which comprises two sections. The first section of the second region is 
an area of immobilised antiglobin antibody coupled to colloidal gold particles which are re- 
suspendible by a passing liquid front while the second section of the second region is an area 

5 of immobilised antiglobin capture antibody. The third region comprises an absorbent pad 
impregnated with guaiac. Alternatively, the third region may comprise a strip of guaiac 
impregnated paper which is laminated to the second region. It should be understood that the 
three regions detailed in the present mvention may be positioned sequentially or in some other 
manner, such as superimposed. For example, the first and second regions may be combined 

10 such that the sample is deliverable directly into the second region. The test matrix of the 
present invention may also comprise additional regions. For example, the present invention 
envisages the use of chromatographic strips which comprises an absorbent pad located after 
the third region. 

15 Without limiting the present invention to any one theory or mode of action, according to a 
preferred aspect of the invention the biological sample which is applied to the first region 
wicks from the first region to the second region and the detection of globin and haem is then 
performed as a sequential two step procedure. At the second region, the globin component 
of any haemoglobin which is present in the sample is bound by the antiglobin antibody 

20 coupled to the colloidal gold particles. The passing biological sample front re-suspends these 
antibodies and both the globin-antiglobin complex and the free anti-globin antibody wick from 
the first section of the second region to the second section. At the second section the globlin 
component of any haemoglobin present in the sample becomes bound to the immobilised 
antiglobin capture antibody while free antiglobin coupled to colloidal gold, the non-globin 

25 components of the biological sample and any excess globin which is not bound by the 
anti-globin antibodies of the second region continued to wick into the third region. At the 
third region, the haem component of any haemoglobin which has not been captured at the 
second region reacts with a developer solution to cause the release oiF oxygen, which oxygen 
reacts with a chromogen such as guaiac to result in a colour change. 

30 
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In the event that a biological sample comprises high concentrations of blood, and therefore 
high concentrations of haemoglobin, a false negative result may be obtained at the second 
region of the test matrix due to the prozone phenomenon. In this event, the third region of 
the test matrix, which detects the haem component of haemoglobin based on the 
5 non-immunological chromogen reaction, will nevertheless produce a positive result. 
Accordingly, the incorporation of a non-immunological chromogen test with the 
immunological globin test provides a safe guard against obtainmg false negative results due 
to the effects of the prozone phenomenon where high concentrations of blood are present in 
the sample. 

10 

The method of the present invention requires that the haemoglobin of the red blood cells is 
exposed prior to commencement of the test. This may be achieved by any one of a number 
of methods known to those skilled in the art. For example, contacting the biological sample 
with a red blood cell lysis solution, prior to commencement of the test, would achieve this 
15 object. It is also within the scope of this invention to cleave the haem and the globm 
components of the haemoglobin either before the test begins or at some point before the 
biological sample wicks into the third region. In this way, it would be possible to minimize 
the incidence of the haem component being trapped by the antiglobin capture antibodies by 
virtue of its attachment to the globin component. 

20 

Reference to "immunointeractive molecule" should be understood as a reference to any 
molecule comprising an antigen binding portion or a derivative of said molecule. Examples 
of molecules contemplated by this aspect of the present invention include, but are not limited 
to, monoclonal and polyclonal antibodies (including synthetic antibodies), hybrid antibodies, 
25 humanised antibodies, catalytic antibodies) and T cell antigen binding molecules. Preferably, 
said immunoiiiteractive molecule is an antibody. 

Aceordmg to this preferred embddiment, the present invention provides a method of detecting 
the presence of blood in a gastrointestinal sample said method cpmprising the steps of: 

30 
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(i) applying a gastrointestinal sample to a first region of a test matrix which test matrix 
comprises first, second and third regions; 

(ii) permitting flowing of said gastromtestinal sample to a second region of said test matrix 
5 wherein said sample is placed in contact with an antiglobin antibody for a tune and 

under conditions sufficient for a globin antiglobin complex to form and detecting said 
globin antiglobin complex; and 

(iii) permitting flowing of said gastrointestinal sample to a third region of said test matrix 
10 wherein said sample is placed in contact with a chromogen or functional equivalent 

thereof for a time and under conditions sufficient for said chromogen to detect haem. 

More preferably, said biological sample is a faecal sample. Even more preferably, said 
chromogen is guaiac or fimctional equivalent thereof. 

15 

Reference to "ftinctional equivalents" should be understood as a reference to fragments, parts, 
portions, mutants, homologues, mimetics from natural, synthetic or recombinant sources 
including fiision proteins which exhibit chromogen activity. Derivatives may be derived from 
insertion, deletion or substitution of amino acids. Amino acid insertional derivatives include 

20 amino and/or carboxylic terminal fusions as well as intrasequence insertions of single or 
multiple amino acids. Insertional amino acid sequence variants are those in which one or 
more amino acid residues are introduced into a predetermined site in the protein although 
random insertion is also possible with suitable screening of the resulting product. Deletional 
variants are characterised by the removal of one or more amino acids from the sequence. 

25 Substitutional amino acid variants are those in which one residue in the sequence has been 
removed and a different residue inserted in its place. Additions to anuno acid, sequences, 
include fusions with other peptides, polypeptides or proteins. 

The term "functional equivalents" as used herein should also be understood to encompass 
30 molecules exhibiting any one or more of the functional activities of a chromogen, such as, for 
example, products obtained following natural product screening. 
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Reference to a biological sample being "placed in contact" with an immunointeractive 
molecule or a chromogen should be understood as a reference to any method of facilitating 
the mteraction of any one or more components of the biological sample with the 
immunointeractive molecule or the chromogen such that coupling, binding or other association 

5 between the one or more components of the biological sample and the immunointeractive 
molecule or a chemical reaction involving one or more components of the biological sample 
such that the chromogen colour change may occur (such as one or more components of the 
biological sample reacting with the developer to cause the release of oxygen which oxygen 
reacts with the chromogen to cause a colour change). For example the biological sample may 

10 be applied to a chromatographic strip which is impregnated with the immunointeractive 
molecule at the second region and the chromogen at the third region. In this instance the 
action of the biological sample wicking up the strip to the regions of impregnation place the 
sample in contact with the immunointeractive molecule or the chromogen. Alternatively, the 
biological sample may be applied to a chromatographic strip and the inmiunointeractive 

15 molecules or the chromogen may be added to the test strip at the time of testing such as 
simultaneously with the application of the biological sample or sequentially following the 
application of the biological sample. Also encompassed within the scope of "placed in 
contact" are combinations wherein one or more of the immunointeractive molecules, detection 
reagents, the chromogen or developer therefore are impregnated in the strip and others of 

20 these reagents are added to the strip at the time of testing. 

"Detecting" the formation of a globin-antiglobm complex or the chemical reaction between 
haem and the chromogen may be by any convenient method which will be known to those 
skilled in the art. In the method of the invention exemplified herein, the antiglobin antibody 

25 which becomes resuspended by the wickmg biological. saiX5)le front is coniplexed with 
colloidal gold. As the globm-aritiglobin/coUoidial gold complex is trapped by the antiglobin 
capture antibody impregnated in the second section of the second region of the 
chromatography strip, the colloidal gold becomes visible as a pink band due to its increasing 
concentration during trapping of the complex at this point. Alternatively, the antiglobin 

30 antibody may be radio-labelled or enzymatically labelled such that upon addition of a substrate 
a colour change is observed if globin is present. The detection of haem by a chromogen is 
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preferably achieved by the addition of a developer such as peroxide which reacts with haem 
to produce water and oxygen. The oxygen which is liberated then reacts with the chromogen 
to produce a colour change. For example, when guaiac reacts with oxygen a blue colour is 
produced. The chromogen may be incorporated into the test matrix at the third region 
5 together with the developer or else the developer may be added as a liquid reagent at a later 
stage. If the developer is dried into the test matrix with the chromogen, then the paper will 
turn blue upon the arrival of aqueous haemoglobin. Alternatively, some other type of reporter 
molecule which detects the reactivity between the haem and the chromogen or functional 
equivalent thereof may be used. 

10 

In a preferred aspect, the present invention is used to diagnose gastrointestinal tract bleeding 
by analysing faecal samples for the presence of blood. Without limiting the present invention 
to any one theory or mode of action, the chromogen test will positively identify bleedmg from 
any part of the gastrointestinal tract (that is, both the upper and lower regions of the tract) 

15 since it detects the haem component of haemoglobin and haem is relatively resistant to 
breakdown in the small mtestine (the upper gastrointestmal tract). The globm component of 
haemoglobm however, does not survive passage through the upper gastrointestinal tract. A 
positive glebin result in a faecal sample therefore indicates that bleeding has occurred in the 
lower gastrointestinal tract. Accordingly, by applying a combined two step immunological 

20 and non-immunological based test, it is possible to differentiate between upper and lower 
gastrointestinal tract bleeding wherein a positive haem result together with a negative globm 
result indicates upper gastrointestinal tract bleeding and a positive haem result together with 
a positive globin result indicates lower gastrointestinal tract bleeding. This is of particular 
importance, for example to the diagnosis of colorectal cancer, the symptoms of which include 

25 lower gastrointestinal tract bleeding. 

Accordingly, another aspect of the present invention is directed to a method of detecting lower 
gastrointestinal bleeding said method comprising the steps of: 

30 (i) applying a faecal sample to a first region of a test matrix which test matrix comprises 
first, second and third regions; 
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(ii) permitting flowing of said faecal sample to a second region of said test matrix wherein 
said sample is placed in contact with an antiglobin inmiunointeractive molecule for a 
time and under conditions sufficient for a globin-antiglobin complex to form and 
detecting said globin-antiglobin complex; and 

5 

(iii) permitting flowing of said faecal sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or fimctional equivalent thereof for 
a time and under conditions sufficient for said chromogen to detect haem; 

10 wherein a positive haem result and a positive globin result is indicative of lower 
gastrointestinal tract bleeding. 

Preferably said chromogen is guaiac or functional equivalent thereof. 

15 Yet another aspect of the present invention is directed to a method of detecting upper 
gastrointestinal tract bleeding said method comprising the steps of: 

(i) applying a faecal sample to a furst region of a test matrix which test matrix comprises 
first, second and third regions; 

20 

(ii) permitting flowing of said faecal sample to a second region of said test matrix wherein 
said sample is placed in contact with an antiglobin immunointeractive molecule for a 
time and under conditions sufficient for a globin-antiglobin complex to form and 
detecting said globin-antiglobin complex; and 

25 

(iii) permitting flowing of said faecal sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or fimctional equivalent thereof for 
a time and under conditions sufficient for said chromogen to detect haem; 

30 wherein a positive haem result and a negative globin result is indicative of upper 
gastrointestinal tract bleeding. 
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Preferably said chromogen is guaiac or functional equivalent thereof. 

Yet another aspect of the present invention is directed to a method of diagnosing disease 
conditions, the symptoms of which include bleeding, said method comprising the steps of: 

5 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises first, second and third regions; 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
10 wherein said sample is placed in contact with an antiglobm immunomteractive 

molecule for a time and under conditions sufficient for a globin-antiglobin complex 
to form and detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said biological sample to a third region of said test matrix 
15 wherein said sample is placed in contact with a chromogen or functional equivalent 

thereof for a time and under conditions sufficient for said chromogen to detect haem. 

Preferably, the present invention is directed to a method of diagnosing colorectal cancer said 
method comprising the steps of: 

20 

(i) apply a faecal sample to a first region of a test matrix which test matrix comprises 
first, second and third regions; 

(ii) permitting flowing of said faecal sample to a second region of said test matrix wherein 
25 said sample is placed in contact with an antiglobin inununointeractive niolecule for a 

time and under conditions sufficient for a globin-antiglobin comj^ex to form and 
detecting said globin-antiglobin complex; and 



(iii) 

30 



permitting flowing of said faecal sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or functional equivalent thereof for 
a time and under conditions sufficient for said chromogen to detect haem; 
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wherein a positive haem result and a positive globin result is indicative of colorectal cancer. 

Preferably said chromogen is guaiac or functional equivalent thereof. 

5 The inventors have also surprisingly determined that by screening for the presence of unbound 
conjugate, in addition to screening for the analyte of interest, the effects of the prozone 
phenomenon can be overcome where an immunological screening technique is utilised. 
Without limiting the present invention to any one theory or mode of action, where an 
immunological test screen is utilised to detect the presence of an analyte, which method relies 
10 on the capture of the subject analyte by both an immobilised immunointeractive molecule and 
a labelled immunointeractive molecule conjugate which ultimately provides the detection 
means, by analysing the level of unbound detection molecule relative to the analyte test result, 
the test results which often arise due to prozone effects, and which are often misleading, can 
be mterpreted correctly. 

15 

Accordingly, in another aspect, the present invention provides a method of detecting the 
presence of an analyte in a biological sample, said method comprismg the steps of: 

applying a biological sample to a first region of a test matrix, which test matrix 
comprising multiple regions; 

permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte immunointeractive 
molecule for a time and xmder conditions sufficient for an analyte-anti-analyte complex 
to form, immobilising said complex and detecting said complex by contacting said 
analyte with an anti-^analyte immunointeractive conjugate; 

permitting flowing of uncomplexed conjugate to a third region of said test matrix 
wherein said uncomplexed conjugate is detected. 



(i) 



20 



(ii) 



25 



(iii) 



30 
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It should be understood that the terms "biological sample", "test matrix", "immunointeractive 
molecule", "detecting" and the phrase "placed in contact" have the same meaning as 
previously defined. Reference to an "anti-analyte immunointeractive molecule" should be 
understood as a reference to any molecule which can interact with the analyte of interest to 

5 form a complex. Preforably, said immunointeractive molecule is an antibody. In this regard, 
reference to an "anti-analyte immunointeractive conjugate" should be understood as refierence 
to a molecule which can interact with the analyte of interest and which molecule either 
directly or indirectly facilitates the detection of the complexed, immobilised analyte described 
in steplii), above. Preferably, the conjugate interact in an antigen specific manner with the 

10 analyte of interest. Reference to "detecting" has the same meaning as hereinbefore defined. 
The conjugate will act "indirectly", for example, if it requires an additional step to achieve 
visualisation of the analyte complex. For example, where the conjugate comprises an 
enzymatically labelled antibody, to which a substrate must be added in order to achieve a 
visually detectable colour change. The conjugate acts "directly" if no additional steps are 

15 required to achieve visualisation. For example, where the subject conjugate is an antibody 
coupled to colloidal gold, the colloidal gold will become visible as a pink band due to its 
increasing concentration during trapping of the conjugate. 

In a preferred embodiment, the present invention provides a method of detecting the presence 
20 of an analyte in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

25 (ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte antibody for a time and 
under conditions sufficient for an analyte-anti-analyte complex to form, immobilising 
said complex and detecting said complex by contacting said analyte with an anti- 
analyte antibody conjugate; and . . 

30 
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(iii) pennitting flowing uncomplexed conjugate to a third region of said test matrix wherein 
said uncomplexed conjugate is detected. 

Detection of the uncomplexed immunoglobin conjugate may be performed by any suitable 
5 technique. For example, the conjugate may be detected in a non-specific manner such as via 
an immobilised anti-immunoglobin antibody which captures the subject conjugate. 
Alternatively, it may be detected in a specific manner such as via a region of immobilised 
antigen to which the antibody conjugate is specifically directed. In a preferred embodiment, 
the conjugate is detected in an antigen specific manner thereby facilitating the optional 

10 inclusion of a control test to confirm that wicking of the conjugate along the test matrix 
actually occurs. A typical control test may therefore take the form of a region of immobilised 
anti-immunoglobin antibody which captures a small portion of the immunoglobin conjugate. 
In accordance with this embodiment, detection of the uncomplexed conjugate is achieved in 
an hnmunologically specific manner via a region of immobilised antigen to which the 

15 conjugate is specifically directed. This antigen is preferably the analyte of interest. 

The steps of immobilising the analyte of interest and detecting said analyte may be performed 
in any suitable manner. For example, the steps may be performed sequentially or 
simultaneously. In a preferred aspect, the biological sample is applied to an application 

20 region of a chromatographic strip, where it is placed in contact with a colloidal gold labelled 
anti-analyte antibody conjugate. Following complexation of the conjugate with any analyte 
present in the biological sample, the sample, together with any unbound conjugate, is allowed 
to wick along the chromatographic strip to a second region where it contacts an immobilised 
anti-analyte antibody. Any analyte present in the sample will complex with the immobilised 

25 anti-analyte antibody. Where the analyte has previously complexed with the colloidal gold 
conjugate, it will become evident as a pmk band which darkens as the labelled antibody is 
immobilised in the test region and its concentration increases. Any excess unbound conjugate 
together with the unbound biological sample components will continue to wick into a third 
region of the test matrix. The third region of the test matrix comprises inunobilised analyte 

30 which will complex any unbound anti-analyte conjugate. 
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By comparing the relative intensities of the analyte test results of the second region and the 
conjugate test results of the third region, it is possible to determine, with greater certainty 
than has previously been available, whether the analyte of interest is present in the subject 
biological sample. Due to the fact that this technique facilitates the correct interpretation of 

5 whether or not the analyte results of region two have been subject to the occurrence of the 
prozone phenomenon, the results also provide a general indication of the concentration of 
analyte present in the sample. For example, where the analyte of interest is haemoglobin, a 
biological sample which does not contain any haemoglobin will produce a negative result in 
the second region and a strongly positive result in the third region where all the available 

10 conjugate will ultimately become complexed with the immobUised haemoglobin. Where low 
haemoglobin concentrations are present in a test sample, a weak positive result would be 
expected in the second region while a strong signal would be detected in the third region 
since the low level of haemoglobin initially present in the sample would have complexed only 
a small proportion of the total conjugate avaUable for testing. Where high haemoglobin 

15 concentrations are present, the prozone phenomenon will result in a weak signal being 
detected in the second region together with a weak signal present in the third region where 
severely depleted conjugate concentration would become inmiobilised. Where extremely high 
haemoglobin concentrations are present it would be expected that no signal is detected in 
either the second or third regions due to the lack of free unbound conjugate and the 

20 nevertheless excessive concentrations of unbound haemoglobin. 

In this regard, it should be understood that reference to "weak" or "strong" detection results 
which are obtained via steps (ii) and (iii) are characterised as being of a weak or strong natore 
when analysed relative to one another. These results are not na:essarily analysed relative to 

25 an objective standard, although such an objective analysis is in no way excluded from the 
scope of the preseftt invention. The detection result may be assessed by any suitable means. 
For example, where the conjugate Is designed to render a colour change, the occurrence of 
a colour change may be assessed either by eye or via instrumental reading. Depending on the 
concentration of conjugate which has been immobilised this colour change may be of a faint 

30 or intense natore, corre^nding to a weak or strong result, respectively. Once the detection 
results have been visualised, analysis of the intensity of result obtained from step (ii) relative 
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to the result obtained at step (iii) will be indicative of the concentration of analyte which is 
present in the biological sample in terms of whether the analyte is present in low, high or very 
high levels. 

5 Accordingly, the present invention more particularly provides a method of detecting the 
presence of an analyte in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

10 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analyte immunointeractive 
molecule for a time and under conditions sufficient for an analyte-anti-analyte complex 
to form, immobilising said complex and detectmg said complex by contacting said 

1 5 analyte with an anti-analyte immunointeractive conjugate; and 

(iii) permitting flowing uncomplexed conjugate to a third region of said test matrix wherein 
said uncomplexed conjugate is detected; 

20 wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 

In accordance with this more particular aspect of the present invention, m performing an 
analysis of the result obtained in step (ii) relative to the detection result in step (iii): 

25 

(a) a strong positive detection result at both steps (ii) and (iii) is indicative of a high 
analyte concentration; 



(b) 

30 



a weaker positive detection result at step (ii) relative to a stronger positive detection 
of step (iii) is indicative of a low analyte concentration; 
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(c) a weak positive detection result at both steps (ii) and (iii) is indicative of very high 
analyte concentration; and 

(d) no detectable result at either steps (ii) or (iii) is indicative of extremely high analyte 
5 concentration. 

It should be understood that where the detection results obtained at step (ii) and step (iii) are 
equivalent, assessment of whether this result is strongly positive or weakly positive may be 
analysed relative to an objective standard or can be assessed by the person skilled in the art 

10 in a subjective manner based on the technical knowledge and experience which such a person 
would possess. Where the detection results are analysed by instrumentation it may be possible 
to precisely quantitate the concentration of analyte present in the sample. Where the detection 
results are analysed by less precise means (such as by the human eye) although a precise 
quantitative value is not obtamed, in addition to overcoming the misleading results which are 

15 caused by the prozone phenomenon, the results obtained will nevertheless broadly indicate 
whether the analyte is present in low, high or very high levels. This level of information can 
be, nevertheless, of great value. For example, where a patient presents with symptoms of 
bowel cancer, obtaining a broad indication of whether the patient is bleeding mildly or 
severely is of assistance in planning further testing and/or treatment. 

20 

Still more particularly, the present invention provides a method of detecting the presence of 
an analyte in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matrix 
25 comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an anti-analy te inrniunointeractive 
molecule for a time and under conditions sufficient for an analyte-anti-analyte complex 

30 to form, inmiobilising said complex and detecting said complex by contacting said 

analyte with an anti-analyte immunointeractive conjugate; and 
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(iii) permitting flowing uncomplexed conjugate to a third region of said test matrix wherein 
said uncomplexed conjugate is placed in contact with said analyte, which analyte is 
immobilised in said third region, for a time and under conditions sufficient for an 
analyte-conjugate complex to form and detecting said complex; 

5 

wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 

In a preferred embodiment, the present invention provides a method of detecting the presence 
10 of blood in a biological sample, said method comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

15 (ii) permitting flowing of said biological sample to a second region of said test matrix 
wherein said sample is placed in contact with an antihaemoglobin antibody for a time 
and under conditions for a haemoglobin-antihaemoglobm complex to form, 
immobilising said complex and detecting said complex by contacting said haemoglobin 
with an antihaemoglobin conjugate; and 

20 

(iii) permitting flowing of uncomplexed conjugate to a third region of said test matrix 
wherein said uncomplexed conjugate is placed in contact with said haemoglobin, 
which haemoglobm is immobilised in said third region, for a time and under 
conditions sufficient for a haemoglobin-conjugate complex to form, and detecting said 
25 complex; 

wherein the detection result obtained in step (ii) is analysed relative to the detection result 
obtained in step (iii). 

30 A test directed to detecting unbound conjugate can be incorporated as an additional component 
of any new or existing test matrix format. For example, the test format described in 
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accordance with this aspect of the present invention may optionally comprise a fourth test 
matrix region which is impregnated with a chromogen such as guiac for the purpose of 
additionally and simultaneously detecting haem. This is of particular relevance where it is 
necessary to differentiate upper from lower gastrointestinal tract bleeding as hereinbefore 
5 described. 

Further features of the present invention are more fiilly described in the following non- 
limiting Examples. It is to be understood, however, that die following description is included 
solely for the purpose of exemplifying the present invention. 



10 
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EXAMPLE 1 
CHROMATOGRAPHIC TEST STRIP 

Immunochromatographic tests typically use dried immunological reagents on a test strip. 
5 Liquid sain)Ie applied to the origin of the test strip flows through the various regions so that 
with a positive result, a coloured line develops in the upper region of the test strip. The 
reagents and sample then flow into an absorbent matrix at the top of the test strip. This 
absorbent is most commonly an absorbent paper, such as blotting paper. 

10 It has now been found that this absorbent paper may be impregnated with guaiac, so that 
addition of developer solution to the absorbent at the conclusion of the immunological test can 
enable: 

(a) Detection of high levels of blood that may have caused inhibition of the immunological 
15 test. 

(b) Detection of lower gastrointestinal bleeding. 

Alternatively, a strip of guaiac impregnated paper may be inserted at the upper region of the 
20 test strip, between the immunological detection zone and the absorbent. 

Figure 1 depicts a test matrix suitable for use according to the method of the present 
invention. The origin and the first section of the second region, which is impregnated with 
labelled antibody (for example, antiglobinantibody coupled to colloidal gold particles), are 
25 made of the same material, which material is a conductive paper (Ahlstrom 1281). The 
capture antibody which is inraiobilised in the second section of the second region which 
region is made of Millipore nitrocellulose. Typically, a functional control line is also 
included in this region. The chromogen may be impregnated directly in the third region (the 
absorbent sink) or impregnated in a paper bridge between the second and third regions. 
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EXAMPLE2 

DETECTING fflGH CONCENTRATIONS OF BLOOD 

Blood was diluted 1:100, 1:1000 and 1:10,000 in inununological test buffer. This buffer 
5 caused lysis of the red blood cells, so that the haemoglobin was liberated into solution. The 
diluted blood samples were added to wells of a microtitre plate. Three negative control wells 
were included, each containing buffer alone. 



Immunological test strips (Enterix OBT) were modified so that the absorbent paper at the top 
10 of the strip was overlaid, in liquid conductive contact, with guaiac paper taken from a guaiac 
test (Hemoccult Sensa, SmithKline Diagnostics Inc., USA). The modified test strips were 
added to the microwells and yielded the following results: 



15 Result 

Inmiunological 

Guaiac 



1:100 

Very weak 

positive 

(prozone) 

Very strong 
positive 



Blood Dilution 

1:1000 1:10,000 Buffer 

Positive Strong positive Negative (x3) 



Positive 



Borderline 
positive 



Negative (x3) 



20 EXAMPLE 3 

EXPERIMENTAL DEMONSTRATION OF THE USE OF A THIRD (ANTIGEN) 
LINE IN AN IMMUNOCHROMATOGRAPHIC ASSAY FOR HUMAN 

HAEMOGLOBIN (Hb) 



25 The purpose of the third line was to enable distinction between low signal strength due to 
prozone (high Hb concentration) from that due to low Hb concentration. 
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P ^^paratinn of test Strips with a t hird fHb) line 

Blood was centrifuged to separate the red cells, which were then washed once with phosphate 
buffered saline (PBS) to remove remaining serum components. The red cells were then lysed 
by diluting them 1/10 with distilled water. The lysed cells were used as the source of Hb for 
5 a third line, added downstream from the Capture (anti-human Hb) and Control (anti-goat 
antibody) line of immunochromatographic test strips (Agen, Brisbane, Australia, Product 
EN12401-021 for detection of human Hb). These test strips use as the disclosing reagent a 
conjugate of goat anti-human Hb conjugated to colloidal gold. 

10 The third line was dried to immobilise the Hb on the test strip. 

Tesring of the test strips 

Whole blood was diluted 

15 

(a) 1/100 in water = High Hb concentration 

(b) 1/20,000 - low Hb concentration 

When these two Hb concentrations were tested with the test strips, the results (recorded as 

20 visible signal strength) were as shown: 

(a^ HiphHb (1?) U)W Hb 

Line 1 = Capture line Weak Weak 
(anti-(Hb) 

25 Line 2 = Control line Strong Strong 
(anti-goat) 

Lm£l=Hb Weak .Strong 

30 Conclusion : The inclusion of the third line allowed differentiation between weak detection 
(capture) signals caused by high and low antigen (Hb) concentrations. 
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EXAMPLE 4 

COMBINATION OF THE ANTIGEN REGION IMMUNOLOGICAL SCREEN FOR 
UNCOMPLEXED CONJUGATE AND A NON-IMMUNOLOGICAL SCREEN 

5 If the features disclosed in both Examples 1 and 2 are combined, the following detection zones 
appear along the test strip: 

Line 1 = capture Ab (anti-Hb) 

Line 2 = control Ab (anti-goat Ab) 

10 Line 3 = analyte (Hb) 

Line/zone 4 = Guaiac (or similar) for detection of haem. 

These would then allow distinction to be made between the following conditions: 

15 Cflndilion Imi hmZ Lme^ Lins^ 

(anti-Hb) anti-conjugate) (Hb) (Guaiac) 

No blood . + + - 

20 Blood 

L Upper GI • + -h + 

2. Lower GI 

25 

(a) lower [Hb] + + + +(+/-) 

(b) V. high [Hb] - + - + 

30 

Those skilled m the. art will appreciate that the invention described herein is susceptible to 
variatidns.and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications, the invention also includes 
all of the steps, features, compositions and compounds referred to or indicated in this 
35 specification, mdividually or collectively, and any and all combinations of any two or more 
of said steps or features. 



wo 00/29852 



PCT/AU99/01014 



.33- 

CLAIMS: 

1. A method of detecting the presence of blood in a biological sample, said method 
comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test 
matrix wherein said sample is placed in contact with an antiglobin 
inmiunointeractive molecule for a tune and under conditions sufficient for a 
globin-antiglobin complex to form and detecting said globin-antiglobin 
complex; and 

(iii) permitting flowing of said biological sample to a third region of said test 
matrix wherein said sample is placed in contact with a chromogen or functional 
equivalent thereof for a time and under conditions sufficient for said 
chromogen to detect haem. 

2. The method according to claim 1 wherein said chromogen is guaiac, tetramethyl 
benzidine or ortho tolidine. 

3. The method according to claim 2 wherein said chromogen is guaiac. 

4. The method according to claun 1 to 3 wherein said test matrix is a chromatographic 
strip. 

5. The method according to claim 4 wherein said inununointeractive molecule is an 
antibody. 
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6. The method according to any one of claims 1-5 wherein said biological sample is a 
gastrointestinal sample. 

7. The method according to claim 6 wherein said gastrointestinal sample is a faecal 
sample. 

8. A method of detecting lower gastrointestinal bleeding said method comprising the 
steps of: 

(i) applying a gastrointestinal sample to a first region of a test matrix which test 
matrix comprises multiple regions; 

(ii) permitting flowing of said sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin immunomteractive 
molecule for a time and under conditions sufficient for a globin-antiglobin 
complex to form and detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or functional equivalent 
thereof for a time and under conditions sufficient for said chromogen to detect 
haem; 

wherein a positive haem result and a positive globin result is indicative of lower 
gastrointestinal tract bleedmg. 

9. The method according to claim 8 wherein said chromogen is guaiac, tetramethyl 
benzidine or ortho tolidine. 



10. 



The method according to claim 9 wherein said chromogen. is guaiac. 
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11. The method according to claim 8 to 10 wherein said test matrix is a chromatographic 
strip. 

The method according to claim 11 wherein said immunointeractive molecule is an 
antibody. 

The method according to any one of claims 8-12 wherem said gastrointestinal sample 
is a faecal sample. 

14. A method of detecting upper gastrointestinal tract bleeding said method comprising 
the steps of: 

(i) applying a gastrointestinal sample to a first region of a test matrix which test 
matrix comprises multiple regions; 

(ii) permitting flowing of said sample to a second region of said test matrix 
wherein said sample is placed in contact with an antiglobin immunointeractive 
molecule for a time and under conditions sufficient for a globin-antiglobin 
complex to form and detecting said globin-antiglobin complex; and 

(iii) permitting flowing of said sample to a third region of said test matrix wherein 
said sample is placed in contact with a chromogen or functional equivalent 
thereof for a time and under conditions sufficient for said chromogen to detect 
haem; 

wherein a positive haem result and a positive globin result is indicative of lower 
gastrointestinal tract bleeding. 

15. The method according to claim 14 wherein said chromogen is guaiac, tetramethyl 
benzidine or ortho tolidine. 

16. The method according to claim 15 wherein said chromogen is guaiac. 



12. 
13. 
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17. The method according to claim 14 to 16 wherein said test matrix is a chromatographic 
strip. 

18. The method according to claim 17 wherem said immunointeractive molecule is an 
antibody. 

19. The method accordmg to any one of claims 14-18 wherem said gastrointestinal sample 
is a faecal sample. 

20. A method of diagnosing disease conditions, the symptoms of which include bleeding, 
said method comprismg the steps of: 

(i) applying a biological sample to a first region of a test matrix which test matrix 
comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test 
matrix wherein said sample is placed in contact with an antiglobin 
immunointeractive molecule for a time and under conditions sufficient for a 
globin-antiglobin complex to form and detection said globin-antiglobin 
complex; and 

(iii) permitting flowing of said biological sample to a third region of said test 
matrix wherem said sample is placed in contact with a chromogen or functional 
equivalent thereof for a tune and under conditions sufficient for said 
chromogen to detect haem. 

21. The method according to claim 20 wherein said chromogen is guaiac, tetramethyl 
benzidine or ortho tolidine. 

22. The method according to claim 21 wherem said chromogen is guaiac. 
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23 . The method according to claim 20 to 22 wherein said test matrix is a chromatographic 
strip. 

24. The method according to claim 23 wherein said immunointeractive molecule is an 
antibody. 

25. The method according to any one of clauns 20-24 wherein said disease condition is 
colorectal cancer and said biological sample is a gastrointestinal sample. 

26. The method according to claim 25 wherein said gastrointestinal sample is a faecal 
sample 

27. A method of detecting the presence of an analyte in a biological sample, said method 
comprising the steps of: 

(i) applying a biological sample to a first region of a test matrix, which test matric 
comprising multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test 
matrix wherein said sample is placed in contact with an anti-analyte 
immunointeractive molecule for a time and under conditions sufficient for an 
analyte-anti-analyte complex to form, immobilising said complex and detecting 
said conq)lex by contacting said analyte with an anti-analyte immunointeractive 
conjugate; 

(iii) permitting flowing of uncomplexed conjugate to a third region of said test 
matrix wherein said uncomplexed conjugate is detected. 

28. A method of detecting the presence of an analyte in a biological sample, said method 
comprising the steps of: 
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(i) applying a biological sample to a first region of a test matrix, which test matrix 
comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test 
matrix wherein said sample is placed in contact with an anti-analyte 
immunoreactive molecule for a time and under conditions sufficient for an 
analyte-anti-analj^e complex to form, immobilising said complex and detecting 
said complex by contacting said analyte with an anti-analyte immunointeractive 
conjugate; and 

(iii) permitting flowing of uncomplexed conjugate to a third region of said test 
matrix wherein said uncomplexed conjugate is placed in contact with said 
analyte, which analyte is immobilised in said third region, for a time and under 
conditions for analyte-conjugate complex to form and detecting said complex. 

29. The method according to claim 27 or 28 wherein the detection result obtained in step 
(ii) is analysed relative to the detection result obtained in step (iii). 

30. The method according to claim 29 wherein: 

(a) a strong positive detection result at both steps (ii) and (iii) is indicative of a 
high analyte concentration; 

(b) a weaker positive detection result at step (ii) relative to a stronger positive 
detection of step (iii) is indicative of a low analyte concentration; 

(c) a weak positive detection result at both steps (ii) and (iii) is indicative of very 
high analyte concentration; and 

(d) no detectable result at either steps (ii) or (iii) is indicative of extremely high 
analyte concentration. 

31. The method according to any one of claims 27-30 wherein said inmiunomteractive 
molecule is an antibody. 
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32. The method according to any one of claims 27-31 wherein said analyte is blood. 

33. The method according to claim 32 wherein said biological sample is a gastrointestinal 
sample. 

34. The method according to claim 33 wherein said gastrointestinal sample is a faecal 
sample. 

35. A method of detecting the presence of blood in a biological sample, said method 
comprising the steps of: 

(i) applying the biological sample to a first region of a test matrix, which test 
matrix comprises multiple regions; 

(ii) permitting flowing of said biological sample to a second region of said test 
matrix wherein said sample is placed in contact with an anti-haemoglobin 
immunointeractive molecule for a time and under conditions sufficient for a 
haemoglobin-anti-haemoglobin complex to form and detectmg said complex 
by contacting said haemoglobin with an anti-haemoglobin immunointeractive 
conjugate; 

(ii) permitting flowing of said biological sample and said uncomplexed conjugate 
to a third region of said test matrix wherein said uncomplexed conjugate is 
placed in contact with said haemoglobm, which haemoglobin is inunobilised 
in said third region, for a time and under conditions for a haemoglobin- 
conjugate complex to form and detecting said complex; arid 

(iv) permitting flowing of said biological sample to a fourth region of said test 
matrix wherein said sample is placed in contact with a chromagen or functional 
equivalent thereof for a time and under conditions sufficient for said 
chromagen to detect haem. 
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36. The method according to claim 35 wherein said biological sample is a gastrointestinal 
sample. 

37. The method accordmg to claim 36 wherein said gastrointestinal sample is a faecal 
sample. 

38. The method according to any one of claims 35-37 wherein said immmiointeractive 
molecule is an antibody and said chromogen is guaiac. 

39. The method according to any one of claims 35-38 wherein the detection result of step 
(ii) is analysed relative to the detection result of step (iii). 
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Claims Nos.: 
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This International Searching Authority found multiple inventions in this international applicatioa as follows: 

This international application was found to possess two separate inventions for the reasons given below: 

(i) Claims 1-26 relate to the first invention and 

(ii) Claims 27-34 relate to the second invention, 
(see extra sheets for a full explanation) 

1 . fxl ^ ^ required additional search fees were timely paid by the applicant, this international search report covers 

— all searchable claims 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not 
' — invite payment of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this international search 

— report covers only those claims for which fees were paid, specifically claims Nos. : 



I I No required additional search fees were timely paid by the applicant. Consequently, this international search 
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Explanation regarding finding of multiple inventions 

Claims 1-26 arc directed to a method of detecting the presence of blood in a biological sample which ratails the 
following steps (i) applying a biological sample to a first region of a test matrix, (ii) permitting flow of the biological 
sample to a second region of the test matrix where it comes in contact with an antiglobin immunointeractive molecule 
(or antibody) \^ch forms a globin-antiglobin complex with any globin present in die sample, and detecting this axnplex 
and (iii) permitting flow of the biological sample to a third region of the test matrix where the sample comes in contact 
with a chromogen which detects the presence of haera. It is to be noted that this method involves detecting the presence 
of two distinct analytes in the biological sample, each in a separate region of the test matrix. The detection of one of 
these two analytes involves an immunoassay and the detection of the second analyte is by means of a chemical 
(chromogen) based assay. 

Claims 27-34 are directed to a method of detecting the presence of an analyte in a biological sample involving (i) 
applying the sample to a first region of a test matrix, (ii) allowing the sample to flow to a second region of the test 
matrix where it is contacted with an anti-analyte immunointeractive molecule, allowing any analyte-anti-analyte 
complex to form, inmiobilising the complex and detecting this complex by contacting it with an anti-analyte 
immunointeractive conjugate and (iii) allowing any uncomplexed conjugate to flow through to a third region of the 
test matrix where the uncomplexed conjugate is detected. This method involves the detection of a single analyte in the 
sample by means of an immimoassay in the second region of the test matrix, (the first region being the sample 
application region). The method also involves the detection of any uncomplexed anti-analyte immunointeractive 
conjugate in a fiuther i^ion of the test matrix. This uncomplexed conjugate which is detected in the third region is a 
reagent used for detecting the analyte in the second region and is not a second analyte present in the original biolc^cal 
sample. It is to be noted that the only methods of detecting the uncomplexed conjugate disclosed in the specification are 
immunoassay, and hence this method involves two immunoassays, one at each of the second and third regions. 

The features common to the two groups of claims are :- (i) applying a biological sample to a first r^on of a test matrix, 
(ii) allowing the sample to flow to a second region of the test matrix where it is contacted with an anti-analyte* 
immunointeractive molecule, allowing any analyte present to form an analyte-anti-analyte iimnunointeractive complex, 
immobilising the complex and detecting this complex by contacting it with an anti-analyte-immunointeractive conjugate. 
These steps amount to nothing more than the standard steps involved in a typical sandwich immunoassay which are 
very well known in the art, exanq)les of which are WO 96/28715, US 4960691, US 4943522 to name but a few. 

The requirement of unity of invention (Rule 13. 1) is fiilfilled only when there is a technical relationship among those 
inventions involving one or more of the same or corresponding special technical features. The expression special 
technical features means those technical features that define a contribution which each of the claimed inventions makes 
over the prior art . As the method steps involving addition of a sample to a first region and allowing the sample to flow 
to a second region where the presence of an analyte is detected by means of an anti-analyte imnmnointeractive molecule 
amount to nodiing more than a standard sandwich immunoassay one has to look to the use of a third region of die test 
matrix to determine any "special technical feature". The third region of the test matrix of claims 1-26 is used to detect 
the presence of haem (heme) using a chromogen base assay. The use of a chromogen to detect the presence of haem on 
a test strip is well known in the prior art and forms the basis of the currently available Hemoccult II*' and 
HemoccultSENSA® guaiac-based tests. Likewise immunochemical tests for haemoglobin are also well known in the 
prior art, examples of whidi are HemeSelect* and HemoCJuant*. The "special technical features'* of claim 1-26 thus 
reside in the use of a combination of an immunoassay for globin and a chromogen based test for haem, for the detection 
of blood on a single test matrix, this being because both a chromogen based test for haem and an immunoassay for 
haemoglobin are both well known in the prior art, as mentioned above. 

(continued) 
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Continuation of Box No:II 

The "special technical features" of claims 27-34 relate to the detection of uncomplexed anti-analyte inununointeractive 
conjugate in a further separate region of a standard sandwich-type immunoassay. 

These two inventions are not so hnked as to form a single general inventive concept. There is no technical relationship 
among these two inventions involving one or more of the same or corresponding special technical features. 

Further support for the above assertion of lack of unity of invention comes from the &ct that a search conducted to 
establish the novelty and /or inventiveness of the invention defined by claims 1-26 will not establish the novelty and 
inventiveness of claims 27-34 and vice versa. 

Additional evidence that the above two groups of claims define separate inventions and that one is not merely a broader 
form of the other can be found in the description, in particular example 4 (page 32) firom which the following results 
have been extracted:- 

For the invention defined by claim 1-26 (test involving capture Ab (anti-Hb) and Guaiac or similar chromogen for the 
detection of haem) 

Condition Line 1 Line 4 

(anti-Hb) (Guaiac) 

no blood " 
lowerGI 

v.high[Hb] " "^^ 

For the invention defined by claims 27-34 (test involving capture Ab (anti-Hb) and anti-conjugate (Hb)) 

Condition Line 1 Line 3 

(anti-Hb) (Hb) 



no blood 
lower GI 

v.high[Hb] 



+ 



From these results it can be clearly seen that the two inventions measure quite different species and hence give quite 
different results i.e. one invention is not merely a broader form of the other invention. 

Claims 35-39 are considered to possess unity of invention with each of the above two groups of claims. 
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